Introduction
Early in the 1990s, the European Union (EU) grew concerned that existing water protection approaches were inadequate to provide sustainable water resources into the future (Hoornbeek, 2004; Kaika, 2003) . Intensive negotiations began in 1996 among member states in the Council of Ministers and their principals in the European Parliament and European Commission (EC). Legislation was passed: Establishing a Framework for Community Action in the Field of Water Policy that came into force in 2000 (European Commission, 2000) . This law, also known as the Water Framework Directive (WFD), is the most comprehensive environmental and resource management legislation ever enacted by the EU and is now being implemented by the member states. The WFD uses science-based standards and criteria, and innovative institutions and policy processes to provide a highly integrated ecosystem framework for sustainable water management. Both surface and groundwater are included within the scope of hydrologically delineated river basin management plans that address all ecosystem stressors impacting the basin's water resources.
Since the early 1970s, the water policy arena has been similar in the EU and United States (US), with an emphasis on federal and European Commission level regulations for water quality standards and emission controls of point and nonpoint sources (Hoornbeek, 2004; Kraft and Vig, 2006) . Extensive preparations have been underway since 2000 for implementation of the WFD in 2009. Though the principal regulatory tools for the EU and US remain similar, such as for toxic substances, the WFD introduces greatly enhanced policy integration and collaboration among sectors impacting on and being affected by the quality and quantity of all surface waters and groundwater. This paper provides an overview of the WFD and advocates opportunities to innovate Great Lakes ecosystem management with particular reference to the US.
European Union Water Framework Directive
In comparison to the US, several key attributes of the WFD illustrate how water policy is evolving significantly in the EU. The WFD legislation provides for highly integrated management of 11 major EC environmental directives that, up to the present time, have provided protection of water resources under separate regulatory programs (European Commission, 2000) . Equally important, the WFD recognizes that water is a heritage for EU citizens as well as essential to their economic development; thus, sustainable development is a principal goal. This goal has been operationalized by providing comprehensive assessment tools, including science-based intercalibration procedures to evaluate the ecological status of surface waters (lakes, rivers, streams and wetlands), chemical and quantitative status of groundwater, and economic assessment of all water-related ecosystem components. Also, preparations to implement the first management plans in 110 river basin districts have involved new and amended legal, administrative and institutional arrangements. Implementation of river basin management plans will begin at the end of 2009 and carry through three iterations, with each one taking six years to complete a cycle of management, monitoring, evaluation and plan revisions; viz., 2009-2015, 2015-2021, and 2021-2027. Management planning and implementation at the European Union level are supported by the Directorate General for the Environment of the European Commission through comprehensive guidance documents for all aspects of the WFD, research programs on critical areas such as governance, GIS-based mapping tools for the presentation of ecosystem and related planning data, and information and communication technology services (Water Information System for Europe, 2009). Equally important, public participation is required and/or encouraged at numerous steps of the management process (HarmoniCOP, 2005) . Legislative requirements for communication with the public and invested stakeholders aim to ensure that decision making is of high quality, is perceived as legitimate, and builds the capacity of all participants throughout the management process (Dietz and Stern, 2008) .
By contrast, while state water policies have become more comprehensive it is generally recognized that US water policy lacks integration and is fragmented and incremental (Gerlak, 2005; Hoornbeek, 2004) . With the evolution of disparate approaches to water management, it is no surprise that there has been an ongoing struggle to coordinate federal and state management of water resources. Meanwhile, intergovernmental partnerships and other similar relationships have become common in an attempt to address real water problems while trying to work around difficult issues of regulatory federalism (Rosenbaum, 2005) . Indeed, some have argued that US water policy has evolved into a pragmatic federalism that stresses collaborative partnerships, uses adaptive management approaches, and takes a problem-process orientation (Gerlak, 2005) . Typically, pragmatic federalism deals with problems as a particular issue arises and thus modifies governance systems by gradually evolving institutional arrangements (Glendening and Reeves, 1984) . This approach is place-based and collaborative and experiments with processes to achieve greater coordination, albeit in an incremental manner. Recent examples of federal-state efforts in this evolutionary process are the Safe Drinking Water Act of 1996, which coupled increased federal funding with state flexibility to exercise authority over their water programs, and the (short-lived) Clean Water Action Plan of 1998 that sought to improve coordination of federal control over nonpoint source pollution through partnerships with state, tribal and local governments (Kincaid, 1998) . Under this piecemeal and fragmented approach, water policy appears to be addressing problems watershed by watershed with no coherent organizing framework. Finally, while public participation processes have sometimes been designed into state water management programs, they do not always fully engage all the stakeholders who would be impacted (see discussion below). This could reflect the fragmented federal state approach to the particular policy problem being addressed, or there may be other institutional factors.
WFD technical aspects
As a management tool, the WFD is designed to account for all ecosystem stressors: environmental and anthropogenic within a hydrologically delineated river basin. The ecosystem components are recognized in a number of objectives that underpin the WFD, including (Barth and Fawell, 2001 ):
• Water protection extended to include groundwater and surface, transition and coastal waters; • "Good status," in terms of ecological quality, achieved and/or maintained within a set timeframe; • Water management based on hydrologic river basins integrating multiple administrative boundaries; • Combined approach for pollution control based on emission limit values and water quality standards; • Water is priced and charged in relation to uses (e.g., water supply) to reflect the true economic cost; • Interested parties and citizens closely involved in the process of protecting water resources; and
• Water legislation passed to incorporate existing water law into the framework and repeal outdated ones.
The principal WFD environmental objectives are "good status" for all waters by a certain deadline and preventing the deterioration of high and good status waters (European Commission, 2000) . Further objectives are to restore impaired waters to a "good status" and protect special areas, such as catchments that are essential for water supply, habitats for endangered species, wetlands dependent on aquatic ecosystems, etc. The classification criteria for "good status" are scientifically based and appropriate for the particular type of ecosystem and water resource (e.g., lake, river or groundwater). Comprehensive guidance tools are provided to carry out assessments of water bodies in relation to water quality, ecological status, development of target objectives, implementation of control measures, and economic analysis, among others (European Commission, 2009) .
The WFD provides a framework to guide the development of environmental objectives for specific management measures, such as control of sewer discharge to surface waters. Collectively, these measures constitute the integrated and comprehensive river basin management plan. In qualitative terms, the environmental objectives are:
• Surface waters: good ecological and chemical status; maintain ecological quality and/or reduce pollution; and restore polluted waters to at least good status; • Groundwater: good quantitative and chemical status; maintain quality and restore polluted waters; and achieve a balance between abstraction and recharge; and • Protected areas: comply with all standards and objectives for protected areas as specified in legislation.
An example of "good ecological status" for rivers would include biological, hydromorphological and chemical and physicochemical elements that are required to support the biological ones. These elements include:
• The composition and abundance of aquatic flora and benthic invertebrate fauna as well as the abundance and age structure of fish; • Hydrology and morphological characteristics, including the river and riparian zone; and • Physicochemical characteristics and specific pollutants being discharged to the river in significant quantities.
The ecological quality of a water body within a river basin is determined by comparison with an equivalent undisturbed body of water. Modeling and/or spot sampling is used to quantify the ecological status. Chemical pollutants need to be identified and control programs implemented, including monitoring to ensure the status improves.
The WFD planning process is complex, requires extensive data gathering and analysis, and must be supported by comprehensive communication and information technology tools. The EC Planning Process Guidance No. 11 lays out a very well-organized and detailed exposition for how to carry out this process (European Commission, 2004) . The paper now turns to relating the WFD as a management tool for the Great Lakes.
Great Lakes and the WFD
The recent trend in water resources planning has been toward integrated water management, bringing together spatial, temporal, environmental and institutional dimensions in a holistic approach (Viessman and Feather, 2006a) . Despite this progress in achieving greater horizontal and vertical integration and coordination, water resources management is typically compartmentalized.
For more than three decades policy coordination has been a principal aim of the Great Lakes Water Quality Agreement (Agreement) between Canada and the United States (Botts and Muldoon, 2005; Thomas et al., 1988; US, 1988) . The Agreement sets out water quality objectives which each country agrees to adopt in their respective regulatory programs. But recurring long-term problems show that policy coordination has not been fully realized and, thus, public health and environmental concerns remain high on the policy agenda, e.g., fish consumption advisories, swimming beach closures, and harmful algal blooms. The International Joint Commission, which both nations jointly administer, has broad responsibilities for monitoring the Great Lakes ecosystem and informing the governments about water quality status in relation to the Agreement. The Commission issued a report in 2006 that concluded there were two critical elements needed for policy coordination (International Joint Commission, 2006) . The first involves establishing watersheds as the appropriate geographic units for managing programs. The second recommends a coordinated Binational Action Plan. As discussed below, these recommendations are entirely consistent with the WFD ecosystem approach.
Water quantity is the other half of the ecosystem equation and is being addressed by the eight Great Lakes states through the Great Lakes-St. Lawrence River Basin Water Resources Compact (2008) and a companion Agreement (Council of Great Lakes Governors, 2005) which includes the Canadian provinces of Ontario and Quebec. These are relatively new institutional arrangements and the management practices they may produce will be guided by the Great Lakes-St. Lawrence River Basin Water Resources Council. Though these institutions do not formally provide a coherent integrated ecosystem framework for managing water quantity and quality, such as the one provided by the EU Water Framework Directive, they may evolve over time to closely approximate a fully integrated system because they explicitly emphasize adaptive management as a preferred approach. Adaptive management across relevant sectors and environmental pressures offers a potential means to achieving sustainable ecosystem objectives.
At the state level, fragmentation of responsibilities is often seen because multiple state agencies carry out various program measures, such as for surface waters. For example, the Michigan Department of Natural Resources administers three water programs aimed at protecting and preserving water resources, and the Department of Environmental Quality administers or is involved in four major programs for protecting state waters (Viessman and Feather, 2006b) . Also, there is no schedule for revising these programs and involvement of stakeholders in them is not consistent across programs. However, collaborations at local levels can be found in some cases. Under such a fragmented administrative arrangement, states have not been able to develop a consolidated planning process for their water resources.
Continuing with the case of Michigan, the state recently took a significant step toward integrated water management with their Great Lakes Plan: Our Path to Protect, Restore, and Sustain Michigan's Natural Treasures, wherein it states that their citizens' "quality of life depends on clean water and productive land that is sustainable far into the future" (Office of the Great Lakes, 2009). The Plan's sustainable development goal explicitly calls for protecting and sustaining the integrity of state waters while seeking opportunities Table 1 Developing the Great Lakes ecosystem framework.
Stage
Key actions
Set the scene • Adopt sustainable management of all groundwater and surface waters, with respect to water quantity and quality, as the Great Lakes ecosystem goal, including the impact of global climate change.
• Review water management authorities and identify institutional collaborations.
• Provide necessary laws, regulations and administrative provisions.
• Establish a Great Lakes Ecosystem Council of public and private stakeholders to provide administrative coordination and collaboration among levels of government and stakeholders.
• Designate river basin districts, including Great Lakes waters, and establish River Basin Councils.
• Provide appropriate management and regulatory authorities for the Ecosystem and River Basin Councils along with mediation and/or facilitation services to identify options and tradeoffs.
• Identify stakeholders, design public participation procedures for developing river basin management plans and provide mediation and/or facilitation services.
• Develop science-based objectives and ecological classification and assessment protocols.
• Assess water bodies, including Great Lakes waters, to identify those not achieving good status or able to maintain this status.
• Develop information and communication technology tools, including GIS-based maps for river basin management plans, and implement a program for education and outreach.
• Establish ecosystem monitoring programs, emphasizing water bodies at risk.
• Assess economic benefits of all water bodies and costs to provide water services.
Analyze Gaps
• Assess the status of all water bodies using science-based protocols and monitoring data.
• Assess all water bodies in relation to ecosystem objectives, environmental pressures and impacts.
• Identify water bodies at risk and assess management program gaps.
• Identify significant ecosystem management issues.
• Determine economic costs to remediate and restore all water bodies to good status.
• Develop performance objectives, program assessment tools and accountability measures.
• Develop protocol for evaluations and communication of the results to the Councils and public.
• Conduct River Basin Stewardship Forums to obtain public consultation on options and tradeoffs.
• Develop a management program of measures including an economic analysis of alternatives.
Develop Plan
• Develop a River Basin Management Plan for each district that includes ecosystem objectives; program of management measures; economic cost effectiveness analyses; monitoring program; performance and accountability measures; and management plan assessment procedures.
• Conduct River Basin Stewardship Forums that include mediation and/or facilitation services to evaluate the River Basin Management Plan, identify options and tradeoffs and for future planning.
• Revise and implement the River Basin Management Plan.
Plan Operation
• Provide Information and Communication Technology tools for education and capacity-building.
• Establish partnerships and collaborations among the Councils and research institutions.
• Conduct River Basin Stewardship Forums using mediation and/or facilitation services.
• Evaluate monitoring data and functioning of the River Basin Management Plan.
• Scientifically assess the river basin ecosystem status periodically.
• Revise the Management Plan through the Stewardship Forum and public consultation processes.
to utilize these resources for economic development. Overall, the Plan identifies more concretely how collaborations must extend to other areas, such as intrastate and intergovernmental water planning and project management, communications, public participation in decision-making, and education. A further innovation called for is the creation of a state-level implementation team to assist with implementing the Plan's recommendations, including tracking progress and encouraging collaboration among stakeholders. Interestingly, several Great Lakes states that have multiple agencies involved in managing state waters have progressed further in consolidating their state's planning process and in other aspects. For example, Minnesota manages major river basins under the Water Management Unification Initiative, which sets common objectives for these as well as targets and timeframes for implementation (Viessman and Feather, 2006c) . Management plans are adopted locally based on extensive stakeholder input on local priorities. Planning at the state level is coordinated through a process of collaboration among state agencies. Also, Ohio has established the Ohio Water Resources Council, which oversees planning for 11 major watersheds (Viessman and Feather, 2006d) . The Council is assisted by an Advisory Group comprised of representatives from 26 organizations in the private sector. The statewide plan includes input from stakeholders in each watershed. Finally, Wisconsin has established state-local partnerships in 24 major watersheds that report their "state of the basin," including planning priorities (Viessman and Feather, 2006e) . These state examples illustrate how governance institutions could progress by intergovernmental policy integration and by moving toward public participation and stakeholder involvement. Also, they have policy features similar to the Hudson River Estuary Program which has an Advisory Committee with broad representation and an Action Agenda that all stakeholders review every four years (New York Department of Environmental Conservation, 2009).
A coherent, integrated approach to Great Lakes ecosystem management is outlined in the discussion below and Table 1 that draws upon the Water Framework Directive currently being implemented by EU member states in 110 river basin districts. The recommendations below assume that adequate authority exists or appropriate legislation and/or administrative systems will be adopted. Also, it is assumed that collaborations may currently exist or will be established as needed at the federal/binational, provincial and interstate levels (refer to Table 1 ).
Set the scene
To achieve sustainable management of water resources, all surface and groundwater bodies must be included in the planning process, including both their quantity and quality (Viessman and Feather, 2006f) . To overcome the legacy of fragmented authorities, it will be necessary to review existing laws and administrative practices and then amend these institutional arrangements. Developing a highly integrated planning and management process for surface and groundwater resources will require a comprehensive infrastructure supported by science-based decision tools drawing on many disciplines: environmental, engineering, social sciences, economics, law, etc. Careful planning will be needed to effectively and efficiently use these tools and to bring on board all the affected stakeholders who must be part of decision-making.
Analyze gaps
Analysis and assessments will be equally important for ecosystem components and for evaluating economic uses of water resources. It will be very important to put great effort into facilitating epistemic communities who can effectively contribute to particular problem areas. On a community level, this should include the River Basin Stewardship Forum to educate the public and thereby build capacity for decision-making.
Develop management plan
All of the components for ecosystem management developed above come together in the River Basin Management Plan. The Plan is not static and planning should provide for program assessment and evaluation, revisions, ongoing research on unanticipated problems, planning for and estimating future uses of water, and communications with stakeholders.
Plan operation
There are three pillars of the ecosystem management process. First, establish a Great Lakes Ecosystem Council to provide coordination and collaboration across all jurisdictions. Second, establish individual River Basin Councils that will serve similar functions of coordination and collaboration for their basin management plan within each river basin district as well as collaborate regionally with the Great Lakes Ecosystem Council. Finally, the Great Lakes Stewardship Forum must be established for communicating with and connecting to stakeholders at both the basin-wide and river basin levels.
Conclusion
Seemingly insoluble challenges confronting the Great Lakes are the fragmentation of management policies and programs and the lack of policy integration across all relevant sectors which produce incoherent results from an ecosystem perspective. Indeed, these flaws collectively make the current approaches highly problematic for achieving sustainable management of the Great Lakes ecosystem. This paper recommends an innovative Great Lakes Ecosystem Framework for sustainable water management, adopting relevant aspects from the Water Framework Directive that is now being implemented by the 27 member states of the European Union. The WFD is complex because it integrates management of all surface and groundwater resources and the stressors acting on them. This sort of complexity reveals the challenges to sustainably managing a resource across a vast area that sustains millions of people and many forms of life, and with interrelationships among them that are not fully understood. In relation to these fundamental attributes of the resource, the Great Lakes Ecosystem Framework may be capable of providing a coherent approach to governance and science-based management at an appropriate scale.
